A spectrophotometric method for the determination of serum uric acid based on the oxidation of 2,2'-azino-di(3-ethylbenzthiazoline-6-sulphonate) by use of uricase and peroxidase has already been reported. The method is very precise (CV <4·7%). The standard curve is linear up to 4640 umol/L, Comparison with other enzymatic methods gave good correlation. The method gave results 9% lower than the phosphotungstate method. The effects of bilirubin, haemoglobin, glucose, ascorbic acid, anticoagulants and purine compounds were studied. The reference values for this method are 140·8-407·8 urnol/L for female subjects and 145·6-514·7 umol/L for male subjects.
Evaluation of the enzymatic assay of serum uric acid with 2,2'-azino-di (3- A spectrophotometric method for the determination of serum uric acid based on the oxidation of 2,2'-azino-di(3-ethylbenzthiazoline-6-sulphonate) by use of uricase and peroxidase has already been reported. The method is very precise (CV <4·7%). The standard curve is linear up to 4640 umol/L, Comparison with other enzymatic methods gave good correlation. The method gave results 9% lower than the phosphotungstate method. The effects of bilirubin, haemoglobin, glucose, ascorbic acid, anticoagulants and purine compounds were studied. The reference values for this method are 140·8-407·8 urnol/L for female subjects and 145·6-514·7 umol/L for male subjects.
We have previously described the spectrophotometric assay of serum uric acid based on the action of uricase (urate: oxygen oxidoreductase, EC 1·7·3·3). The formation of hydrogen peroxide, one of the products of uric acid oxidation, is measured by the inhibitor reaction in which 2,2' -azino-di(3-ethylbenzthiazoline-6sulphonate) (ABTS) and peroxidase (POD, donor: hydrogen peroxide oxidoreductase, EC 1·11·1·7) are involved. The absorbance of oxidised ABTS measured at 410 nm is directly proportional to the concentration of uric acid in serum.'
In this study the method was examined statistically, the influence of haemoglobin, bilirubin, ascorbic acid, glucose, anticoagulants and purine compounds studied and reference values determined.
Materials
The diammonium salt of 2,2'-azino-di(3ethylbenzthiazoline-6-sulphonate), cryst., uricase from hog liver, solution in glycerol (2 g/L, 9 U/mg) and horseradish peroxidase (specific activity ca. 250 U/mg) , were purchased from Boehringer-Mannheim, FRG. Guanine, xanthine. hypoxanthine, and ascorbic acid were from Correspondence: Nada Majkic-Singh,
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Calbiochem-Behring Corp. Uric acid of analytical grade, min. 98% (HPLC), was obtained from Serva, Heidelberg. All other chemicals of analytical reagent grade were from Merck-Darmstadt, FRG.
The investigations were carried out on different serum samples, serum pools, standard solutions of uric acid prepared in our laboratory, and the control sera Versatol, Versatol-A, Validate-N, and Validate-A (obtained from Labor-Diagnostica, Godecke , Freiburg, FRG).
The composition of all reagents for uric acid assay by the ABTS-method was the same as previously described. \ Standard uric acid stock solution (5,95 mmoll L) was stable for 3 months and the working standards were stable for 3 days at 4°C. The reagent solution containing 1·5 mrnol/L ABTS and 1000 U/L peroxidase in 66·7 mrnol/L phosphate buffer was stable for 3 months.
Uric acid in serum was stable for 3 days at room temperature and for 1 week at 4°C.
Methods

URIC ACID ASSAY
Pipette 100 I-tL of uric acid standard or de proteinised supernatant into clean, dry, glassstoppered tubes containing 1·0 mL of 66·7 Table 1 ).
INTER-METHOD COMPARISON
The accuracy of the ABTS-method was determined with 50 different serum samples. The values obtained were compared with the previous methods.j" The correlations are presented in Table 3 
We assessed analytical recovery by adding uric acid standard solutions to the serum pool to give total uric acid concentrations up to 1440 IJ.moUL. The results shown in Table 2 are averages of duplicate assays and indicates that analytical recovery of uric acid added to serum was quantitative (Yx=0·0015+0·986x, r=0·999, Sy,x=O·0146, Sa=0'0165, t a=0'090, Sb=0'0175, t b=0·796, to. o s= 2·776) .
Within-day precision of the ABTS-method was checked during 1 day with Validate N, Validate A and serum pool containing low, normal, and abnormal concentrations of uric acid. All deter-
LINEARITY AND SENSITIVITY
The linearity of the ABTS-method was examined with uric acid standard solutions prepared in the concentration range 0-4640 umol/ L. The assay for each standard was repeated four times. By applying the correlation analysis to the results, the regression equation,
S,,=0'0123, t,,= 1·27) was calculated, which shows that the method is linear up to 4640 IJ.mall L. The lowest concentration of uric acid that still could be determined with good precision (CV=4'17%) was 16 IJ.moUL.
Results
STATISTICAL METHODS
Statistical parameters such as the mean value (x), standard deviation (SO), coefficients of variation (CV) and standard error (S~were calculated with standard statistical methods.
Our method for estimating uric acid levels was compared with the enzymatic methods of Remp.? Praetorius (5), respectively. For comparison the colorimetric phosphotungstate method was also used."
Regression analysis: the parameters a (intercept with abscissa), S" (standard error of a), tIl (Student's t-test for Sal, b (slope of regression line), Sh (standard error of b), and th (Student's t-test for Sh) were calculated using the leastsquares method."
The ranges of reference values were calculated with a non-parametric method. K rnrnol/L phosphate buffer, pH 7·5, and 5 IJ.L of uricase solution (16 U/mL).1 Mix well, stopper the tubes and leave at room temperature for 15 min. Add 50 IJ.L of HCl (2 rnol/L), mix well and immediately add 2 mL of reagent solution. Mix again and read the absorbances of the test and standard at 410 nrn against the blank containing 1·0 mL phosphate buffer, 50 IJ.L HCl and 2 mL reagent solution. The reaction product is stable for 1 hour. pool. Each sample contained identical volumes of serum and added solvent (physiological saline. 153 mmollL NaCI). while the amount of potential interfering substance was varied.
Influence of huemolysis and bilirubin
For the investigation of hiliruhin and haemoglobin effects. serum samples containing 0-340 umol/L hili rubin and 0-21·575 giL haemoglohin were prepared. As shown in Table 4 . the concentrations of haemoglobin and hiliruhin above physiological levels interfere with the uric acid assay.
Influence of ascorbic acid
The influence of ascorbic acid was investigated in the range 0-1136 urnol/L. Ascorbic acid above 6X1·6 umol/L interferes with the ABTSmethod. Stahility of (iX 1·6. l)OX·X and 1136 urnol/L ascorbic acid in the samples was followed after 30. 60 and l)O minutes at room temperature. As shown in Fig. 3 . ascorbic acid decomposed after l)O minutes and did not effect uric acid assay.
Efji'ct of sonic purine antl anticougulant COlI/pounds
We also investigated the effect of some purine and anticoagulant compounds ( Table 5 ). Oxalate and EDTA interfere with uric assay and cannot he used for preparation of plasma samples. However, for uric acid assay hy the ABTS-method. citratcd plasma can he used. The concentrations of uric acid assay were determined in duplicate in citrate-plasma and serum samples obtained from the same subjects. By the application of the correlation analysis on the results obtained. the regression equation. y,=(i·O(i20 + O·l)75Xx (r=O·l)l)(i5.
.11,.,=7'5117) was calculated.
r«•. 3 . Efkcts 01'0 (e). fJHI·6 (O).LJOH·H (6). and 1136 ( ... ) umol/L of ascorbic acid on uric acid assay followed at room temperature. 
REFERENCE VALUES
Reference values for serum uric acid were determined by the ABTS-method on 125 healthy females and 120 males between lil and 50 years of age. The normal ranges determined by a non-parametric method are l40·il-407·il umol/L for women, and 145·6-514·7IlmoIlL for men (see Fig. 4 ).
Discussion
We described in our previous paper the use of a ABTS/POD chromogen system in a new spectrophotometric procedure for uric acid estimation. 1 This method is sensitive, linear up to 4640 umol/L and precise. Also, the advantage of this method is the stability of the reagents used and the final reaction product.
Comparison of the ABTS-method with direct estimations of uric acid at 293 nm in presence of uricase ,2. 3 and with a method in which a uricase/catalase/aldehyde dehydrogenase enzymatic system is used." shows excellent agreement (see Table 3 and Figs 1 and 2) . The correlation with the phosphotungstate method and that of Morgenstern et ai.' was also good. but the values obtained with the ABTS-method were about 9°;', and 5·YX, lower respectively. These results indicate the lack of analytical specificity of the phosphotungstate method; in the method of Morgenstern et ai.' other reducing agents from the sample reduce Cu (II) ions in alkaline solution to Cu (I) ions which form a reddish brown coloured complex with bathocuproindisulphonic acid.
Glucose, some purine compounds and ascorbic acid up to 6ill·6 umol/L did not interfere with the ABTS-method. Ascorbic acid is rapidly dissipated from blood. After administration of even larger doses. maximum concentrations in serum do not exceed 190 urnol/L." According to Fossati et al.') 2il5 urnol/L ascorbic acid was eliminated from serum in 90 minutes at room temperature, while in our experiment 1136 umol/L was decomposed (see Fig. 4 ). Similar to other methods using Trinderchromogen, HI. II ascorbic acid concentrations above 6HO urnol/L had a depressing action on the ABTS-method. This has been imputed to the subtraction of hydrogen peroxide and to actual chromophore destruction. 12 As ascorbic acid up to 6ilOllmollL did not interfere with the ABTS-method, ascorbate oxidase is not included in our reagent solution. 1.1 EDTA, heparin and oxalate interfered with the ABTS-method. The estimated uric acid concentration was lower for ahout 1O-I5'X,. However, citrate did not affect this method and can be used as an anticoagulant for plasma preparation.
It was found that haemoglohin and bilirubin at above physiological concentrations interfere with the ABTS-method. Icteric and haernolysed samples cannot be used for determination of uric acid. Biliruhin is reported to interfere with the quantitation of hydrogen peroxide in systems including peroxidase. 12 The mechanism by which hili rubin acts is quite complex and not fully understood. According to Witte et al. I~in addition to a positive interference from an overlap in the spectra for hiliruhin and Trinder's chrornophore , there is also a chemical mechanism that produces a negative interference, which can he explained hy competition of biliruhin for H 2 0 2 in the presence of peroxidase. 14. 15 Finally, we conclude that the newly developed method which uses ABTS as chromogen is specific and has good reproducihility. The results of the recovery study and com pari-son of methods with individual specimens indicate a high degree of accuracy.
